Summary. Corpora lutea were collected from cows at four stages of the luteal phase and prepared for immunostaining at the light microscope level. Other corpora lutea, which were fully developed, were dispersed by collagenase treatment and freshly isolated and cultured cells were processed for immunostaining. Electron 
Introduction
The bovine corpus luteum has two types of luteal cells, small and large; which have been dis¬ tinguished from each other on the basis of their size and morphology (Priedkalns & Weber, 1968a, b; Parry et al, 1980; Archbald et al, 1981; Chegini et al, 1984; Fields et al, 1985) , and in-vitro functions (Ursely & Leymarie, 1979a,b; Koos & Hansel, 1981) . It would appear that a substantial proportion of small luteal cells and large luteal cells are derived respectively from the theca and granulosa cells of the ovulating follicle (Donaldson & Hansel, 1965; Alila & Hansel, 1984) , but it has also been suggested that theca-derived small luteal cells may give rise to large luteal cells during the life-span of the corpus luteum (Alila & Hansel, 1984) . From recent data it would appear that the small and large luteal cells of the cow are steroidogenic, based on their ability to produce progesterone in vitro (Ursely & Leymarie, 1979a,b; Koos & Hansel, 1981) . However, in these in-vitro studies it was not possible to determine whether all cells in each culture contributed equally to the total amount of steroid synthesized, and problems associated with impure cell fractions, due in one case to clumps of small luteal cells contaminating fractions of large luteal cells (Koos & , hinder the precise interpretation of data. Moreover, it was possible that the behaviour of cells changed when they were transferred into an in-vitro situation. Therefore another approach to the study of the steroidogenic functions of small and large luteal cells would be of value. The rate-limiting step in the synthesis of steroid hormones from cholesterol is considered to be the cholesterol side-chain-cleavage (sec) reaction catalysed by cytochrome P-450scc of the innermitochondrial membrane. Changes in the specific and total tissue content of cytochrome P-450scc in bovine corpora lutea during the oestrous cycle parallel the changes observed in the peripheral plasma concentrations of progesterone (Rodgers et al, 1986a) , suggesting that the amount of progesterone produced is related to the amount of luteal cytochrome P-450scc. Another approach to understanding the function of small and large luteal cells would be to immunolocalize cytochrome P-4505CC. In the present study cytochrome P-450scc has been immunolocalized in bovine corpora lutea at various stages of their development and these results have been related to the ultrastructure of small and large luteal cells.
Materials and Methods
Tissues. Ovaries from non-pregnant cows were collected at a local abattoir within 20 min of slaughter. Corpora lutea were classified into four stages of the luteal phase, I to IV, on the basis of their gross morphological appearance using the method of Ireland et al (1980) . This procedure has been validated in a blind trial (Ireland et al, 1980) , and by histological assessment of the classified corpora lutea (Rodgers et al, 1986a (1986b) .
Antibodies. Cytochrome P-450scc was purified from bovine adrenal cortex (Seybert et al, 1979) and kindly donated by Dr J. D. Lambeth (Emory University, Atlanta, GA, U.S.A.) and an IgG fraction, raised against cytochrome P-450scc in rabbits, was prepared as described previously (DuBois et al, 1981) . It has been shown previously by Western immunoblot analysis that this IgG reacts specifically with cytochrome P-450scc and does not cross-react to any significant degree with other proteins of bovine corpora lutea (Rodgers et al, 1986a) .
Electron microscopy. Electron microscopy was carried out on luteal tissue from 6 corpora lutea (Stages II and III) and on freshly dispersed cells from 5 corpora lutea other than those used for immunostaining. The methods were similar to those used by Rodgers et al (1986b) except that 4 tissues were additionally fixed en bloc in 0-58% uranylacetate for 30 min.
Results

Electron microscopy
Tissue. An electron micrograph showing the major cell types in the corpus luteum of the cow is shown in Fig. 1 (Priedkalns & Weber, 1968a; Fields et al, 1985) . Therefore in this section only the salient features of these two cell types and additional observations will be described.
The large luteal cells had a high cytoplasmic density of mitochondria, the cristae of which have been described as being both lamellar and tubular. In this study, however, a substantial portion were tubular. The endoplasmic reticulum was extensive and predominantly smooth. However, rough endoplasmic reticulum could be found in a very small proportion of large luteal cells (e.g. Fig. 4 ). Secretory granules were present and exocytosis appeared to be localized to select areas of the cell membrane where folding of the membrane was more pronounced.
The small luteal cells were more numerous than the large luteal cells and their cytoplasm had a lower volume density of mitochondria than large luteal cells. The cristae of the mitochondria were mostly tubular but some appeared to be lamellar. The endoplasmic reticulum was comprised of both smooth and rough elements. The smooth endoplasmic reticulum was tubular and anastomos¬ ing and in some areas it was arranged in extensive whorls or arrays. The rough endoplasmic reticu¬ lum appeared to be randomly distributed (Figs 1-3) . At the ends of these areas of abutment, where the membranes became further separated apart, small clusters of filaments of adherens-type junctions were observed (Fig. 2) . In these areas the gap between the two opposing membranes was of the order of 5-8 nm, larger than that of gap junctions (2 nm; see Gilula, 1978) but of the same order as that reported for septate junctions of invertebrates (15-20 nm: Wood, 1959 ) and vertebrates (ll-18nm: Gobel, 1971; 21-30 nm: Friend & Gilula, 1972) . In some sections small septa spaced at regular intervals were observed to connect the two opposing membranes (Fig. 3) . These septa appeared as narrow cylindrical structures similar to those observed in septate junctions of rat adrenal cortex (Friend & Gilula, 1972 (Fig. 4) were similar to those of cells in situ. Isolated small luteal cells (Fig. 5 ) also had similar morphology to those in situ. Some areas of the cell membranes were folded and it has been suggested that some surface folds of one cell interdigitate with folds of a neighbouring cell, thus retaining the small luteal cells in clumps (Koos & Hansel, 1981) . In other species (Rodgers & O'Shea, 1982) , and even in bovine large luteal cells in which the cell membrane is extensively folded, the cells do not remain in clumps after tissue dispersion. It is possible that the remnants of the areas of close abutment and associated adherens-type junctions between small luteal cells are responsible for this phenomenon. These areas could easily be recognized in dispersed cell preparations, although they appeared to be slightly disrupted and no septa were observed.
Immunostaining
Cow luteal tissues immunostained with anti-cytochrome P-450scc IgG are shown in Figs 7-9. In immature corpora lutea (Stage I), staining was present in a proportion of cells which were scattered throughout the tissue (Fig. 7) . Staining was localized to the cytoplasm and was of rela¬ tively low intensity. In mature corpora lutea (Stages II and III) staining was much more intense and was punctate, indicative of mitochondrial staining. It was localized to the cytoplasm of cells which were considerably larger than those seen in Stage I corpora lutea. Judging from the pattern of staining (Fig. 8) it appeared that both small and large luteal cells were stained positively and that capillaries, large blood vessels and connective tissue were not. In regressing corpora lutea (Stage IV) in which cytoplasmic vacuoles were visible, the majority of cells did not stain positively (Fig. 9) (Fig. 10) . Fig. 2 ( 60 000) and some of the cylindrical septa between the two membranes in Fig. 3 ( 195 000) . (Fig. 7) , III (Figs 8 & 10) and IV (Fig. 9) . In Figs 7-9 anti-cytochrome P-450scc IgG was used and in Fig. 10 non- Fig. 13 , and anticytochrome P-450scc IgG in the presence of purified cytochrome P-450scc in Fig. 14 (Fig. 13) or with anti-cytochrome P-450scc IgG in the presence of excess purified cytochrome P-450S(;(. (Fig. 14) , suggesting that the positive staining observed with anti-cytochrome P-450sc<. IgG was specific for cytochrome P-450scc.
Immunostaining of cells isolated from mature corpora lutea and cultured for 24 h is shown in Figs 15-18 . During culture, small and large luteal cells became flatter on the dish. The small luteal cells took on a more angular appearance while the large luteal cells retained a circular outline. Both small and large luteal cells stained positively for cytochrome P-450scc and the staining was cyto¬ plasmic and very punctate (Figs 15 & 16) . A larger proportion of the large luteal cells was stained positively than was that of the small luteal cells, probably reflecting the higher numbers of mito¬ chondria in large luteal cells. The punctate staining in large luteal cells did not extend to the periphery of the cell (Fig. 16) , which by electron microscopy was relatively devoid of mitochondria. In some cultures, even at 2 h, it was possible to visualize a three-dimensional network pattern of staining, particularly in the small luteal cells, and shown somewhat inadequately in two dimensions in Fig.  17 . The pattern of staining appeared as strands, many of which encircled the nucleus. The con¬ centration of strands was greatest in the perinuclear region, and least near the extreme periphery, possibly because the flattened cells were thicker in the nuclear region, tapering off towards the periphery of the cell. In the peripheral extensions of small luteal cells, single strands were occasion¬ ally seen to be aligned in the direction in which the cell was elongated. As observed by electron microscopy (unpublished observations) these areas were generally devoid of mitochondria except for occasional groups of elongated mitochondria, with their long axes aligned parallel. This sug¬ gests that the observed strands of fluorescence were probably due not to strands of single mitochon¬ dria aligned head-to-tail but rather composed of several mitochondria in cross-section.
Discussion
The rate limiting enzyme in the conversion of cholesterol into steroids, cytochrome P-450scc, was immunolocalized in young, mature and regressing bovine corpora lutea and in dispersed luteal cells. Small and large luteal cells of mature cyclic corpora lutea stained intensely for cytochrome P-450scc whereas the other cell types did not.
In young and regressing corpora lutea the intensity of immunostaining of luteal cells was con¬ siderably less. The immunostaining was stronger in cultured large luteal cells than in cultured small luteal cells, presumably because of the greater concentration of mitochondria in the cytoplasm in the large luteal cells, suggesting that large luteal cells have a greater content of cytochrome P-450scc per cell.
The proportion of cytoplasm occupied by mitochondria in bovine small luteal cells is similar to that of theca cells but it is almost two-fold greater in large luteal cells than in granulosa cells (Priedkalns & Weber, 1968b) . Since luteal cells are much larger than follicular cells (Priedkalns et al, 1968) and because follicular cells may divide after ovulation (Donaldson & Hansel, 1965) an increase in the size of mitochondria (Priedkalns & Weber, 1968a) Fig. 18 . Staining for cytochrome P-450scc was localized to the cytoplasm of small and large luteal cells and in some preparations it appeared as strands (arrows). Bars = 50 µ .
increase in the intensity of staining for cytochrome P-450scc was observed. The intensity of staining was low in granulosa and theca cells (Rodgers et al, 1986b) (Ursely & Leymarie, 1979a, b; Koos & Hansel, 1981; Ursely et al, 1981; Chegini et al, 1984) , sheep (Fitz et al, 1982 Rodgers & O'Shea, 1982; Rodgers et al, 1983 Rodgers et al, , 1985 Hoyer et al, 1984) and pigs (Lemon & Loir, 1977; Lemon & Mauleon, 1982 (Rodgers et al, 1983) or to cAMP (Hoyer et al, 1984) .
The ultrastructure of bovine small and large luteal cells in tissue Priedkalms & Weber, 1968a, b; Fields et al, 1985) and in dispersed-cell preparations (Koos & Hansel, 1981; Chegini et al, 1984) has been described previously and much of it has been confirmed in the present manuscript. However, the presence of areas of close abutment with associated adherens-type junctions between the small luteal cells has not been reported. These areas were plentiful and were characterized by parallel segments of apposing membranes separated by a gap of up to 10 nm. In some cross-sections the membranes were connected by regularly spaced cylindrical septa, and as such, these areas fit the description of septate-likejunctions or contacts (Friend & Gilula, 1972) . Small areas of adherens-type junctions were found occasionally at one or both ends of these contacts. The functions of septate-like junctions or contacts are poorly understood but suggested functions include the regulation of movement of extracellular fluid between cells (Wood, 1951; Friend & Gilula, 1972; Bennett & Goodenough, 1978) . In other areas of the small luteal cells the membrane was often folded although not always interdigitating with a neighbouring cell and it is likely that the junctions and not the interdigitations may be the reason for bovine small luteal cells remaining in clumps after enzymic dispersion.
It is concluded that the small and large luteal cells of cyclic bovine corpora lutea contain cyto¬ chrome P-450scc, and at highest concentration when the corpora lutea are fully formed. The concentrations per cell and per unit volume of cell appeared to be greater in the large than in the
